Purpose -Studies in performance measurement systems (PMS) seem to receive little attention in the information system (IS) literature. The purpose of this paper, therefore, is to contribute to the stream of research in the fields of performance measurement and ISs. Design/methodology/approach -The paper examines how IS sophistication is linked to PMSs by investigating the use of performance measures in the Malaysian financial services industry. Data were collected from 140 financial institutions through self-administered questionnaire survey of top-level executives. A component-based structural equation modelling, partial least squares, was used to test the research model. Findings -The results indicate that IS sophistication is a determinant of performance measures. The results also indicate that different dimensions of IS sophistication affect different dimensions of performance measures usage.
Introduction
Contemporary information system (IS) researchers have increasingly directed interest and attention towards the link between IS investment and organisation performance. Many IS research have focused on the relationship between IS sophistication (i.e. diversity and complexity of use in IS) and organisational performance and found that IS sophistication have positive impact on organisational performance (de Búrca et al., 2006; Heine et al., 2003; Raymond and Paré, 1992) . However, there is no sufficient research focused on information technology (IT)-enabled performance measurement systems (PMSs) that provide up-to-date and accurate information on markets and customers, customer service performance, competitive position, operational performance, financial performance and so on (Bititci et al., 2002) . Such PMSs are very essential in today's business competitive environment as they would promote proactive management style and greater confidence in management decisions. Such PMSs are, however, still uncommon due to technical, technological and people issues concerning dynamics of PMSs (Bititci et al., 2002) . Bititci et al. (2000) argue that dynamic PMSs would ensure that an organisation's PMSs remains integrated, efficient and effective at all times and sensitive to changes in the internal as well as external environment of the organisation. business processes/activities (Wang et al., 2004; Raymond et al., 1995; Bowman and Hurry, 1993) . This paper is divided into five sections. The first section presents a brief literature review on IS sophistication and its links to organisational performance and PMSs followed by the proposed research model and hypothesis development. The second section presents the research methodology section explaining the sample and variable measurements. The third section provides the results of the survey. Section 4 presents the discussion of the findings and conclusions. The final section explains the limitations and implications for future research.
Literature review
Information systems and organisational performance Prior studies on IS and organisational performance have focused on the IS strategic application and the relationship between IS investment and performance. Organisations that operate in a competitive environment need comprehensive IS to manage the important parts of the organisation's operation in order to achieve different strategic goals (Naranjo-Gil, 2009; Kaplan and Norton, 1996) . Boynton et al. (1994) and Bakos and Treacy (1986) argue that IS innovation has the potential to alter a range of strategic and industry factors such as cost positions, scale of economies, and power relationships with buyers and suppliers, thereby providing competitive advantage. However, the focus on IS strategic applications as a source of competitive advantage have been criticised on the grounds that IS applications might provide only limited advantages as IS may be imitated by competitors. As a result, organisations may need to extend their current competitive position, which may result in increased cost rather than reduced cost (Ravichandran and Lertwongsatien, 2005; Mahmood and Mann, 1993) .
Prior studies that investigated the relationship between IS investments and firm performance have reported a positive relationship between IS investments and financial performance (Sircar et al., 2000; Barua et al., 1995; Banker et al., 1990) . However, there are also those that found insignificant relationships (Makadok, 2001; Floyd and Woolridge, 1990) . These mixed results may be due to failure to consider the underlying mechanisms by which IS relates to firm performance. Past studies have investigated IS-firm performance relationship at an aggregate level and have attempted to quantify the marginal effects of IS investments on firm productivity, profitability, and consumer surplus (Ravichandran and Lertwongsatien, 2005; Floyd and Woolridge, 1990) . As a result, IS researchers have pointed out the need to refine the operationalisation of firm performance variables as the effects of IS are manifested in the process performance. Thus, empirical studies using performance measure such as process efficiency and quality report more consistent results (Mia and Clarke, 1999; Mukhopadhyay et al., 1997) .
In addition, IS researchers have argued that IT investment is not a necessary and sufficient condition to improve firm performance since the investment might be wasted. They suggestthat IS investment to be converted into IS assets (i.e. IS infrastructure and applications) and put to appropriate use to create value. Appropriate use of IT is expected to createintermediary effects, such as IT being embedded in production and services, streamlined business processes and improved decisions, which, in turn, can be expected to affect performance (de Búrca et al., 2006; Ravichandran and Lertwongsatien, 2005; Mooney et al., 1996) .
IS and performance measurement
Information systems sophistication IS researchers view IS sophistication as a critical resource of a firm (Weill and Broadbent, 1998; Keen, 1991) . As mentioned earlier, IS sophistication consists of three dimensions, namely, extent of IS use, intensity of IS use and IS integration (Wang et al., 2004; Bowman and Hurry, 1993) . Thus, IS sophistication includes platform technologies (hardware and operating systems), network and telecommunications technologies, databases and a variety of shared services, such as electronic data interchange (EDI), e-mail, universal file access, videoconferencing and teleconferencing services.
A number of IS researchers have become interested in characterising IS sophistication, particularly in identifying different criteria of IS sophistication. Nolan (1979) was among the first who made an attempt to characterise IT sophistication. He used the "stages of EDP growth" model to explain the relationship between a stage and a prior or following stage. In the model, the evolution concept of organisational IS is used to identify the different stages of IS growth. While, still based to the evolution concept, a fundamental concept, i.e. the concept of IS maturity is introduced. IS maturity is defined as the ultimate stage of computing growth, where the information resources are fully developed and computer-based systems are fully integrated. A number of research have been conducted to investigate the different criteria of IS maturity and sophistication based on Nolan's model (Cheney and Dickson, 1982; Gremillion, 1984) .
Furthermore, Cheney and Dickson, (1982) characterise IS sophistication into three main criteria:
(1) "technological sophistication" that reflects the hardware and software system, and nature of application; (2) "organisational sophistication" that reflects the information resources for management activities; and (3) system performance.
While Saunder and Keller (1983) refer to IS sophistication as the sophistication of the mix application provided by the IS functions, de Búrca et al. (2005) stated that an organisation needs to face up to a number of challenges to be categorised as technologically sophisticated. In their opinion, a business requires strong scientific-technical base; new technology that can quickly make existing technologies obsolete, and applications to create and revolutionise markets and demand. Raymond and Paré (1992) define IT sophistication as a multidimensional construct which refers to the nature, complexity and interdependence of IT usage and management practice in an organisation. More recently, Glynn et al. (2003) associated IS sophistication with listening capability. A listening organisation can be characterised as having knowledge about their customer, and the ability to satisfy those customers (Parasuraman, 1995) . In other words, to manage the service exchange process successfully, the organisation needs to develop market intelligence (de Búrca et al., 2006) .
From the above characterisation, it appears that IS sophistication has important implications for the management of organisations It is therefore not surprising that the relationship between an organisation's IS sophistication and performance has received considerable attention in the IS literature over the years. Porter (1980) provides strong evidence that technological sophistication is related to firm performance. However, as emphasised earlier, empirical studies indicate mixed support for the hypothesis that IS IMDS 110,7 sophistication has direct effect on performance. Raymond et al. (1995) adopted a contingency approach to investigate the relationship between IS sophistication and organisational structure and its impact on performance. They found that IT management is positively related to structural sophistication, and IS sophistication is positively related to performance. Mulligan and Gordon (2002) , in their study on the relationship between customers and suppliers in a financial services industry showed that, IS sophistication forced organisations to address their relationship with their customers and suppliers. Thus, this study attempts to examine the about IS sophistication and how IS sophistication affect performance measurements systems (i.e. financial-based and non-financial-based performance).
Performance measurement systems and its links to information systems In the past, PMS research was found mainly in management accounting and operations management literature. However, in recent years, it has become a research topic that spans many disciplines including IS. References to IS research are still rare in PMS studies due to lack of IS characterisation in the conceptualisation and definition of PMS (Marchand and Raymond, 2008) . Furthermore, Marchand and Raymond (2008) concluded that previous studies that have attempted to establish links between IS and PMS are rather isolated. Therefore, they suggested that there is a need for a renewed conceptualisation and better definition of PMS that include IS-based characterisation.
There are at least 17 definitions of business PMSs (Franco-Santos et al., 2007) . To Nanni et al. (1992) , PMS encompasses a set of organisational policies, systems, and practices that coordinates actions and transfers information in support of the entire business management cycle. Neely et al. (2002) regarded a PMS as a management decision-support system when they defined a PMS as "a balanced and dynamic system that is able to support the decision-making process by gathering, elaborating and analysing information". A PMS involves a process of quantifying the efficiency and effectiveness of action in which performance measures or metrics are used to quantify the efficiency and effectiveness of this action (Neely et al., 2002) . In other words, a PMS involves measuring, recording, and reporting outcomes from the processes controlled by organisations that should be important in management decision making. However, PMSs that are without an integrated IT infrastructure would not be able to provide information that is relevant, up-to-date and accurate due to the time-consuming and cumbersome nature of data maintenance associated with manual or partially IT-supported PMSs (Bititci et al., 2002) . With the evolution of IT, the conceptualisation and definition of PMS can go beyond measurement. In this context, PMS can be enriched with new system functionalities that allow them to move beyond simple measurement that provide more extensive and customised support for management decision making (Marchand and Raymond, 2008) . Thus, the definition of PMS to include IS and performance management has been given by Bititci et al. (1997, p. 2) as follows:
At the heart of the performance management process, there is an information system which enables the closed loop deployment and feedback system. This information system is the performance measurement system which should integrate all relevant information from relevant systems. Bititci et al. (1997) referred to the performance management process as the process by which a company manages its performance in line with its corporate and functional IS and performance measurement strategies and objectives. This process is done through a proactive closed loop control system where corporate and functional strategies are deployed to all business processes, activities, task and personnel, and feedback is obtained through the PMS which in essence is the IS. They also noted that PMS, as with any IS, can achieve enhanced efficiency and effectiveness by using IT. Hence, following the development of IS and PMS, Marchand and Raymond (2008) have defined PMS as performance management information system (PMIS) that is not only a measurement tool but also a management tool that relies on three classification criterions, namely, alignment and scope, management support sophistication, and IT sophistication.
The characteristics of integrated PMS can also influence the use of IS sophistication. Integrated PMS is essential for PMS to become performance management tools. A number of researchers have emphasised the need for integrated PMSs (Nanni et al., 1992; Chenhall, 2005; Ghalayini and Noble, 1996; Kaplan and Norton, 1996; McNair et al., 1990) . The need for more integrated management information is made possible by advances in IT such as data warehousing, data mining, expert systems, and web-based technologies and services that provide reliable and complete information rapidly and easily (Marchand and Raymond, 2008) . Further, Marchand and Raymond (2008) argued that given the evolution of IT, PMS can be enriched with new system functionalities that allow them to provide more extensive and customised support for management decision making. They further suggested that new dimensions of performance measures, essentially non-financial measures, are made possible by advances in IT such as data warehousing, data mining, expert systems and other artificial intelligence technologies, and web-based technologies and services. In addition, using advanced IT can also help in defining performance indicators, in analysing performance-relevant information, in generating possible actions, and in prioritising alternatives (Kueng et al., 2001) .
In relating PMSs to IS sophistication, Gomes et al. (2007) suggested that as part of reorientation process of organisational performance evaluation measures and utilisation practices, IS must be reengineered to promote and support effective utilisation of critical performance measures and dimensions. By so doing, the role of organisational IS in making available internal-and external-related performance information is underscored. Furthermore, Burney and Matherly (2007) found that having a more comprehensive PMS appears to improve employee outcomes through the provision of job-related information. Their findings suggest that a broader set of performance measures may give individuals more information than is routinely available to accomplish their job. But the study failed to investigate whether IS sophistication reflects the extent to which a PMS contains a broad spectrum of performance measures.
The importance of IS sophistication as a data source can also be explained by a 2001 survey by International Data Corporation and the Balanced Scorecard Collaborative. In this survey, respondents from a broad range of industries stated that complex data sourcing remains the single biggest challenge to automating balanced scorecards, followed by the unavailability of the needed source data (Williams, 2004) . Furthermore, the importance of IS sophistication in providing the information requirement of a PMS can also be seen from the contribution of the resource-event-agent (REA) framework (Church and Smith, 2007) . The REA conceptual accounting framework was designed to describe the information architecture related to an organisation's economic activity IMDS 110,7 (Church and Smith, 2007; Dunn et al., 2005; McCarthy, 1982) . Church and Smith (2007) , in examining the contributions of the REA framework to the design of accounting ISs, found that the existing REA framework supports a substantial portion of balanced scorecard information requirements, especially those information requirements related to traditional financial measures. However, the existing REA framework does not support the specific information requirements of the balanced scorecard customer and learning and growth perspectives. Thus, Church and Smith proposed extensions to the REA framework to address broader strategic management requirements for accounting ISs. This study, therefore, conclude that the extended REA framework is essentially an example of IS sophistication as its main strength is that it will tightly integrate traditional accounting (financial) and non-financial measures in one system. An important element of the extended REA framework is it defines more complete enterprise domain ontology. Well-defined ontologies can facilitate the accurate communication between systems designers, developers, and end-users that is critical to the successful implementation of enterprise systems (Linthicum, 2004) .
The relationship between IS sophistication and performance measures can also be explained from the perspective of IS success through the data warehousing implementation. Many researchers have investigated the success of IS in many ways. Most of the success is measured by non-financial indicators. For example, success of IS can be measured by users satisfaction (Melone, 1990 ), service quality (Pitt et al., 1995) , data and system quality and user participation (Wixom and Watson, 2001) , and perceived usefulness of specific applications (Moore and Benbasat, 1991) . According to Wixom and Watson (2001) and Watson and Haley (1997) , providing high-quality data to decision-makers is the fundamental reason for building a warehouse which is one form of IS success. Performance measures related to time would be important as data warehousing can change the processes for providing end-users with access to data and reduce the time and effort required to provide that access (Wixom and Watson, 2001; Graham, 1996) .
More recently, the PMIS framework proposed by Marchand and Raymond (2008) provides multidimensional, balanced and integrated information on organisational performance. They proposed that the alignment and scope of the PMIS is evaluated by the extent of its coverage of the various dimensions of performance such as prospective or retrospective and strategic or operational. They further argued that IS sophistication is evaluated by the extent of the system's integration with other organisational IS or source of information. The extent of IS sophistication may include the extent to which performance data are collected and performance information is diffused throughout the organisation. In a similar vein, Bititci et al. (1997) asserted that the integrity of the PMS depends on the ability of the PMS to promote integration between various areas of the business coming from operational and external activities. Thus, it may be appropriate to expect a PMS consists of performance measures which objectively measure the performance of an individual business process and which are externally oriented.
Research framework and hypotheses
From the foregoing discussion of the literature, a research model ( Figure 1 ) and a set of hypotheses are developed. Building on the extended REA framework proposed by Church and Smith (2007) , this study, therefore, concludes that IS sophistication is essential in providing substantial supports to the design of broader information IS and performance measurement requirement of a PMS in which it enables to tightly integrate traditional accounting (financial) and non-financial measures in one system.
The framework of this study is supported by the contingency theory. Contingency theory is essentially a theoretical perspective of organisational behaviour that emphasises how contingent factors such as structure and technology affect the design and functioning of organisations (Woodward, 1965; Fisher, 1998) . The contingency theory contends that the design and use of control systems are contingent upon the context of the organisational setting in which these controls operate and functioning. Borrowing from the contingency theory, Brignall and Ballantine (1996) asserted that many variables can be hypothesised to have a conceptual relationship with the design of appropriate PMSs within overall management ISs for services. Thus, drawing from these arguments, IS sophistication (technology) can be considered as a contingent variable that may affect the use of performance measures (control system).
Apart from the contingency theory, this research framework is developed based on the theoretical argument on the need to view IS sophistication and PMS as firm resources that can provide competitive advantage to the firm. Under the resource-based view (RBV), sustained competitive advantage derives from the resources and capabilities a firm controls that are valuable, rare, imperfectly imitable, and not substitutable (Barney, 1991) . Barney (1991) stated that these resources and capabilities can be classified into three categories: physical capital resources, human capital resources, and organisational capital resources. In line with Barney's (1991) definition of organisational capital resources which include formal and informal controlling and coordinating system, therefore, PMS lends itself onto this type of category of resources. Thus, with the support of IS sophistication, PMS comprising multidimensional performance measures can be considered as a valuable firm resource that enables a firm to improve its efficiency and effectiveness. With regards to IS sophistication, Ravichandran and Lertwongsatien (2005) proposed a model that interrelates IS resources, IS capabilities, IS support for core competencies and firm performance using the RBV perspective. For example, studies by Bharadwaj (2000) and Santhanam and Hartono (2003) found that firms with high IS capability tend to outperform firms with low level of IS capability on variety of firm performance. Their study indicates that firm performance is explained by the extent to which IS is used and the organisation's ability to use IS resources to support its core competencies.
Working within the contingency and RBV models, this study basically examines the links between IS sophistication and the extent of use of performance measures. The notion behind the research framework is that it is the underlying dimensions of IS sophistication (i.e. extent of use, intensity of use, and IS integration) that positively affect the use of performance measures. Companies that have higher level of IS sophistication are expected to have a more comprehensive PMS that integrates both financial and non-financial measures. The dimensions of performance measured have become more "balanced" with the use of financial measures (such as return on investment, earnings per share, and cost of funds) and non-financial measures (such as responsiveness, quality, productivity and flexibility) that relate to operational perspectives. Therefore, the use of IS sophistication becomes more important in processing these broad scope of performance measures. As the level of IS sophistication increases, the PMS becomes more integrated, thus requiring higher extent of use of multidimensional performance measures that comprise both financial and non-financial measures. Hence, the following hypothesis is set forth:
H1. The level of IS sophistication positively influences the extent of use of performance measures.
H1a. The extent of IS use positively influences the extent of use of financial and non-financial performance measures.
H1b. The intensity of IS use positively influences the extent of use of financial and non-financial performance measures.
H1c. The IS integration positively influences the extent of use of financial and non-financial performance measures.
Research method
Data collection and sample Data were collected from top level executives of financial institutions using a self-administered survey questionnaire. Survey provides a basis for establishing generalisability, allows replicability, and has statistical power. The sample included local and foreign financial services institutions in Peninsular Malaysia. The names and the addresses of the branches of these financial services institutions were obtained from the web site of each respective institution. A total of 200 questionnaires were distributed randomly to selected financial services institutions that are located within the Klang Valley area. A total of 149 completed questionnaires were returned, however, only 140 questionnaires were usable.
Variable measurement IS sophistication. IS sophistication was assessed using three dimensions: extent of use, intensity of use, and integration. Extent of use refers to the degree of the diversity of hardware devices used in organisations. Intensity of use refers to the degree of the proportion and diversity of processes or activities being support by computer-based applications. IS integration refers to the degree to which computer-based applications are integrated both internally via a common database and externally via electronic communication links. A total of 17-item scales were used to measure these dimensions (i.e. five items for extent of use; five items for intensity of use; and seven items for IS integration). All items were measured using seven-point Likert scales representing a range from (1) strongly disagree to (7) strongly agree. Performance measures. Performance measures were assessed using self-constructed items taken from various literature (Fitzgerald et al., 1991; Kaplan and Norton, 1992) . There were a total of 40 items comprising both financial and non-financial performance measures. Each respondent was asked to indicate the extent of their branch's use of each performance measure, using a scale of 1-7 where a (1) is "not at all", (4) is "to some extent" and (7) is "to a greater extent".
IS and performance measurement
Sample profiles Results of the demographic profile of responding firms as well as the respondents are presented in Table I . Majority of the responding organisations were from banks (88.6 per cent); followed by insurance (7.1 per cent); finance and savings (1.4 per cent); unit trust (2.1 per cent) and stock broking (0.7 per cent). The organisations with annual sales turnover above RM100 million was 55.7 per cent. Majority of the organisations have total gross assets more than RM150 million (60.0 per cent), while those with a total number of employees above 100 represents 50.0 per cent of the sample. About 76 per cent of the organisations have been in operation for more than ten years. In terms of the respondent's profile, approximately, 42.1 per cent of the respondents were managers. The results also show that the respondents were quite experienced with 64 per cent of them have been in the position for at least five years and majority (66.4 per cent) of them being in the industry for more than ten years. Moreover, there were more males (51.4 per cent) than female (48.6 per cent) that took part in the survey.
Data analysis
Scale reliability and validation Factor analysis was carried out to test validity and reliability of construct. IS sophistication appeared to be reliable and valid. All items of the IS sophistication constructs have factor loading values greater than the cut-off values of 0.70 as suggested by Fornell and Larcker (1981) (Table II) . The results also reveal that all items fall within the three dimensions as proposed by prior literature.
With regards to performance measures, as all the items were self-constructed, it is necessary to conduct exploratory factor analysis. After several runs of factor analysis, three factors emerged with Eigen values . 1 and accounted for 70.10 per cent of the variance (Table III) . The cut-off point of 0.50 or greater for factor loading was used and consistent with the guidelines for identifying significant factor loadings based on sample size as proposed by Hair et al. (1998) . Owing to insignificant factor loadings and cross loading, a total of five items were finally deleted from the analysis. Component 1 comprised 16 performance measures related to customer and employee measures, and labelled as "customer-employee-based measures". A total of 13 financial and accounting-based measures loaded highly on Component 2, hence, labelled as "financial-based measures". Component 3 consisted of six performance measures relating to innovation which later labelled as "innovation-based measures".
Descriptive statistics
The descriptive statistics in Table IV show that of the three factors of IS sophistication, IS integration receives the highest score with a mean of 4.829. The mean score of Intensity of use is fairly high (i.e. 4.680). Extent of use is the one with the lowest mean score (4.331). Of the three performance measures components, customer-employee-based performance measures seem to be used most extensively (mean ¼ 5.522) as compared to innovation-based performance measures (mean ¼ 4.577) and financial-based performance measures (mean ¼ 4.364). The a values of all variables are above the recommended cut-off value of 0.70, thus indicate a sufficiently high level of scale reliability and internal consistency. On closer examination of the variable correlations, no significant multicollinearity problems were identified. Results
Partial least squares analysis
To establish the nomological validity of IS sophistication and performance measures constructs, this study uses partial least squares (PLS), a latent structural equation modelling techniques. As this technique utilises component-based approach to estimation, the PLS approach does not place as much demand on measurement scales and sample size (Chin and Newsted, 1999) , nor presume any multivariate normality distributional form for the underlying measured constructs (Chin, 1998) . The psychometric properties of all scales (i.e. measurement model) were first assessed through confirmatory factor analysis. The structural relationships (structural model) were examined next, using factor scores of each of the constructs.
Measurement model
The psychometric properties of the scales were assessed in terms of items loadings, discriminant validity, convergent validity, and internal consistency as suggested by Fornell and Larcker (1981) . Item loading and internal consistencies . 0.70 are considered acceptable. The scales used in this study largely meet these guidelines. Furthermore, all constructs in the model exhibit good internal consistency as evidenced by their composite reliability scores (Table VI) .
To assess convergent and discriminant validity (Chin, 1998) , all indicators should load more strongly on their corresponding constructs than on other constructs in the model (i.e. loadings should be higher than cross loadings) and the square root of the average variance extracted (AVE) should be larger than the inter-construct correlations. All indicators load more highly on their own construct than on other constructs. Furthermore, when comparing the inter-construct correlation and square root of AVE (shaded leading diagonal) in Table VI , all constructs share more variance with their indicators than other constructs. Thus, these results point to the convergent and discriminant validity of our conceptualisation of IS sophistication and performance measures constructs and reinforce its multidimensionality.
Structural model
In a PLS structural model, loading of measures of each construct can be interpreted as loadings in the principal components factor analysis. Paths are interpreted as standardised beta weights in a regression analysis. All of the constructs were modeled as reflective and the constructs in the model were measured using multiple indicators, rather than summated scales. Figure 2 shows the results of the PLS analysis for the effect of IS sophistication on the overall performance measures. As can been seen from Figure 2 Further test was conducted to examine the effect of overall IS sophistication on the three dimensions of performance measures as shown in the model in Figure 3 . Figure 3 shows the results of the PLS analysis including the path coefficients, path significances and R 2 values. The results indicate that all paths from IS sophistication to each of the performance measures dimensions are significant. The path from IS sophistication to customer-employee-based measures (b ¼ 0.198 ) is significant at p , 0.01, with 17.5 per cent customer-employee-based measures is explained by IS sophistication. The path coefficients from IS sophistication to financial-based measures and innovation-based measures are b ¼ 0.226 and b ¼ 0.131, respectively. Both paths are significant at p , 0.01 with 33.3 per cent of financial-based measures is explained by IS sophistication and 33 per cent of innovation-based measures variance is explained by IS sophistication. It appears that IS sophistication is salient and has greater impact on financial-based measures and innovation-based measures as compared to customer and employee-based measures.
Another test was performed to closely examine the effect of each of the three dimensions of IS sophistication on each of the three dimensions of performance measures a shown in the model in Figure 4 . Results in Figure 4 show that all paths from extent of IS use, intensity of IS use, and IS integration to each of the three dimensions performance measures are significant, except for the path between extent of IS use to customer-employee-based measures. 
IS sophistication
Performance measures R 2 = 0.323 0.568* Note: Significant at: *p < 0.01, level 
Discussions and conclusions
The objective of this paper was to examine and predict the relationship between IS sophistication and use of performance measures. Specifically, this study is concerned with three important IS sophistication dimensions, i.e. extent of IS use, intensity of IS use, and IS integration, and their relationships with two broad types of performance measures, namely, financial and non-financial-based measures. From the descriptive statistics, the results indicate that both IS sophistication and performance measures were used rather extensively. Among the three dimensions of IS sophistication, IS integration was used most extensively, while among the three dimensions of performance measures, customer-employee-based measures received the highest usage. 
IS and performance measurement
The results also reveal that Malaysian financial organisations do acknowledge the high importance of non-financial performance measures. This could be due to the increasing competition and uncertain economic condition that force organisations to improve as well as measure non-financial measures (Hussain, 2003; Hussain and Hoque, 2002) . Increasing competition and uncertain economic condition seem to force financial organisations to increase their level of IS sophistication in order to compete better and gain or retain competitive advantage.
From the results in Figure 2 , the research model was successful in explaining the mechanism through which IS sophistication influence performance measures. As predicted, IS sophistication is one of the factors that influence the type and extent of use of performance measures among the Malaysian financial organisations. From the results of the overall model, IS sophistication seems to have salient impact on the use of overall performance measures. Thus, the findings are quite consistent with what Dumond (1994) found in his study that within the procurement (which is part of the item used to measure extent of IS use in this study) and operation arena, the use of broader, process-oriented measures is growing. Further he argued that if the broader firm of process performance measures are to be used, managers should also encourage and enable the employees to obtain information about both the internal and external activities. Otherwise, if narrow performance measures are used, the availability of such information is not warranted.
In order to understand more and gain deeper insights on the relationship between IS sophistication and use of performance measures, this study examined the effect of IS sophistication on three different dimensions of performance measures (Figure 3) . The results indicate that IS sophistication has significant effects on all three dimensions of performance measures. However, more impact is seen on the financial-based measures and innovation-based measures as compared to customer-employee-based measures. It appears that when it comes to making decision on the organisation performance or success, most organisations still rely on financial/accounting-based measures despite having invested a large amount of resources in IS sophistication. This outcome could be true given the fact that many organisations, in particular, in financial services industry, are still using the traditional PMSs.
At the same time, innovation-based measures are extensively used as more investments in IS sophistication are made by organisations. With IS sophistication, organisations are able to provide support for the information requirements of any innovation activities or programmes. It seems that the financial organisations tend to focus more on the innovativeness of employees, processes, and products/services as part of their strategic values. The results reveal that, albeit significant, the relationship between IS sophistication and use of customer-employee-based measures is the weakest. This outcome may suggest that when the financial services institutions make decision to use the IS in their daily operations, the focus is on what would be the financial benefits the organisation gains from their IS investment. Hence, they tend to place lesser emphasis on the need to provide customer and employee-based measures from the use of IS, which in the long run may adversely affect their long term performance as satisfied customers and employees would create more values to their organisations.
Prior studies on performance research found that organisations still focus on unidimensional aspect of performance measures particularly the financial aspect (Ngai and Cheng, 2001 ). However, prior research have asserted that performance measures should be viewed from other perspectives as well (Marchand and Raymond, 2008; Kaplan and Norton, 1996) . From the results, there are indications that organisations have shifted their focus from unidimensional or financial aspect to other aspects that focus on innovativeness and customers/employees. This trend may be due to the reasonably high level of IS sophistication that the organisations invest, as found in this study. The significant and positive relationships between overall IS sophistication and both financial and non-financial measures (innovation and customer-employee based) may indicate that as most financial organisations become more process-oriented using cross-functional teams, the need for broader measurement is essential. What is needed is an IS portfolio which not only concentrates on financial information focusing on aspects such as the general ledgers, invoices, and accounts payables, but also incorporates systems of a strategic and innovative nature that provide nonfinancial information such as customer satisfaction, responsiveness, employee skills, new product development and performance of the innovation process or individual innovations. The findings are somewhat consistent with arguments forwarded by Marchand and Raymond (2008) and Kueng et al. (2001) where they argued that new dimensions of performance measures, essentially non-financial measures, are made possible by advances in IT such as data warehousing, data mining, expert systems and other artificial intelligence technologies, and web-based technologies and services in analysing performance-relevant information, in generating possible actions, and in prioritising alternatives.
When examining the relationships of the IS sophistication dimensions and performance measures dimensions individually, the results provide profound insight (Figure 4) . The results indicate that extent of IS use, intensity of IS use and IS integration are very salient in influencing the dimensions of performance measures, particularly those that relate to financial-based measures and innovation-based measures, while extent of use is less salient for customer-employee-based measures. However, intensity of IS use and IS integration have strong influences on customer-employee-based measures. Intensity of IS use and IS integration appear to be valuable to both organisations and customers, because diversity and integration of the IS allows organisations to communicate with customers and employees better. As a result, it gives customers and employees an additional channel to communicate directly with the organisations and also gives them more control over the nature and frequency of interactions with the organisations. In order to achieve this, IS integration should be designed in such a way that it enables key performance data to be aggregated at different levels of the organisation, so that effective communication and decision making can result.
Moreover, the findings are consistent with the arguments from Bititci et al. (2002) who asserted that high level of IS intensity and integration allows information on markets and customers, financial positions, customer service performance, and operational performance to be more integrated, dynamic, accurate, accessible, and visible that could aid fast decision making and promote a proactive management style that eventually leads to agility and responsiveness. Hence, the two dimensions of IS sophistication are salient in influencing organisations on the type of performance measure to be used as evaluation of performance. Moreover, with high level of IS integration, organisations are able to customise customer orders on-line and better understand their customers and, in the process, serve them more effectively (Auger, 2005) .
Hence, the customer-employee-based measures are significant. Other features of intensity of IS use such as the use of microcomputers that are linked by local area network (LAN) allows employees to expand internal functional interaction (participative) to make decisions which will generate more contribution to profit, better supplier relations and greater customer satisfaction.
In this study, the relationship between extent of IS use and customer-employee-based measures is not significant. It appears that organisations still evaluate the benefits of using IS based on the basic financial appraisal method, such as payback, with possibility of a link to some form of strategic benefit (i.e. innovativeness). This finding is consistent with prior studies (Ngai and Cheng, 2001; Cil and Evren, 1998; Kakati and Dhar, 1991) that found organisations still focus on the traditional financial performance measures with possibility of some strategic measurement such as system quality (i.e. customer-employee-based measures and innovation-based measures).
In conclusion, this paper provides empirical evidence that appropriately designed PMSs should be supported with good IT infrastructure such as IS sophistication. The findings of this study significantly extend prior research on performance measures by establishing the links between IS sophistication and different types of performance measures. Further, the findings clarify the distinct and important roles that each of the IS dimensions influence on performance measures. One important implication from this study is that organisations need to consider carefully how an IT/IS infrastructure can facilitate the design of their PMS. As Brignall and Ballantine (1996) argued, when organisations ignore the contribution that IT/IS can make towards the development of effective PMSs, it is likely that the resultant systems will rarely help managers to gain and retain a competitive advantage.
Limitations and suggestions for future research Several limitations of the present study should be noted when interpreting its findings. This is an initial attempt to examine the relationship between IS sophistication to performance measures that subjects to further testing and refinement. Most prior studies have investigated the relationship between IT investment and organisational performance. Some have investigated the IS sophistication construct as the moderator between the organisational characteristics and performance. In addition, it is currently unknown how well the model and its findings can be generalised beyond the specific conditions of this study. Further work is needed to understand how well the model generalises to other business and geographical settings. Thus, a comparative study with other types of industries such as manufacturing industry would make the research results more robust.
Another limitation of this study is the omission of some contextual factors that may influence the use of performance measures. Thus, further investigation is needed to include other contextual factors such as IS capabilities related to managerial and technical supports, environmental dynamism (i.e. the changes in IS technologies), organisational strategy, and business competition.
Furthermore, the instrument to assess performance measures in the context of financial services industry is still not well documented in the literature. Thus, further studies need to be done to establish consistency and validity of the measures.
The cross-sectional nature of the study also provides another limitation. Cross-sectional data would not allow the researcher to examine causal linkages.
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For example, the effect of IS sophistication on use of performance measures might not be fully reflected in a current period's performance, but might affect performance after a couple of periods. Thus, longitudinal studies or time series analysis are more appropriate to examine the causal linkages. As far as IS sophistication variable is concerned, relying on cross-sectional data does not permit us to say whether such IS capabilities remain stable over time.
